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METHODS OF NUCLEIC ACID ISOLATION 

5 

The preparation of relatively pure samples of nucleic acids such as DNA or RNA is an 
important step in many molecular biology procedures. Purification is necessary to ensure 
removal of impurities, e.g., cellular debris, that may interfere with subsequent molecular 

10 biological procedures. RNA purification has many uses such as in the preparation of cDNA 
and the monitoring of gene expression While the purification of DNA from many types of cells 
is relatively straight forward, RNA purification is often problematic. Such difficulties include 
the need to inactivate ubiquitous RNA degrading enzymes and the lability of RNA in alkaline 
pH environments. Another difficulty with RNA purification is the frequent co-purification of 

15 RNA and DNA. Contaminating DNA may interfere with subsequent molecular biochemical 
or genetic analysts procedures because of the similar base pairing properties of DNA and RNA 
Similarly, RNA may contaminate DNA preparations. 

Numerous procedures have been developed for purifying RNA These previously 
available RNA procedures suffer from one or more shortcomings such as the need for highly 

20 toxic chemicals, the use of an inconveniently large number of manipulations, genomic DNA 
contamination, a requirement for ultracentrifugation, the use of DNAses, RNAses, proteinase 
digestions, and contamination with inhibitors of genetic analysis procedures (e.g., PCR and 
base sequencing). Such RNA isolation methods usually include the cumbersome steps of 
adsorbing nucleic acids to a solid phase support and subsequently preferentially eluting the 

25 nucleic acid from the supports. Similar problems arise with previously available techniques for 
DNA isolation. Accordingly, it is of interest to provide new and improved methods of RNA 
and DNA purification. Ideally, such new methods are simple to perform and may easily be 
automated. 

30- .Summary 

The invention relates to new methods of RNA and DNA isolation that exploit the 
surprising discovery that RNA may be differentially precipitated from DNA in essentially a 
single step. The subject methods result in the formation of an RNA-containing precipitate that 
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has a RNA content at least two fold enriched with respect to DNA, as compared with the RNA 
to DNA ratio of the solution from which the RNA-containing precipitate is derived. The 
degree of RNA enrichment achieved is often much greater than two fold; enrichment by a 
factor of one hundred or greater is frequently obtained. By precipitating RNA from a solution, 
5 the RNA may be collected by simple physical procedures such as centrifugation or filtration, 
thereby avoiding the need to bind the RNA to a solid phase or to employ enzymatic 
degradation. The collected RNA precipitate may then be solubiiized. 

One embodiment of the subject methods involves forming an RNA-containing nucleic 
acid composition, adding an RNA precipitate forming chaotropic salt to the nucleic acid 

10 composition in a sufficient concentration to form an RNA-containing precipitate, collecting the 
RNA-containing precipitate, and (optionally) solubilizing the precipitate. Preferred precipitate- 
forming chaotropic salts are guanidine hydrochloride and guanidine thiocyanate. 

The step of forming the RNA-containing precipitate preferably takes place in a 
temperature range of 1 °C - 25°C, more preferably in the range of 4°C - 10°C. Typically, 

1 5 although not necessarily, the precipitate forming step is performed for at least one hour. 

Other embodiments of the invention include methods of isolating DNA. The subject 
DNA isolation methods employ a differential RNA precipitation step of the invention that may 
be used to isolate RNA by forming an RNA-containing precipitate, DNA remains in solution, 
thereby resulting in the purification of DNA with respect to RNA. The process of collecting 

20 the RNA results in the formation of an RNA depleted solution. DNA may then be precipitated 
from the RNA depleted solution by adding a nucleic acid precipitating agent, e.g., ethanol. 

Other embodiments of the invention include kits for performing the methods of the 
invention. The invention also includes systems for performing the methods of the invention. 
The systems for RNA isolation comprise a cell lysis chamber, a precipitate collector, and a port 

25 for the introduction of a chaotropic salt. 

Specific Embodiments of the Invention 

The invention relates to new methods of RNA isolation that exploit the surprising 
discovery that RNA may be differentially precipitated from DNA. Thus the subject methods 
30 may be viewed not only as a method of purifying RNA, but as a methods of separating RNA 
from DNA. Accordingly, the invention also provides for methods of isolating DNA. The 
subject methods may be used to purify many different forms of RNA, including messenger 
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RNA (mRNA), ribosomal RNA (rRNA), and nuclear RNA. Similarly, the invention may be 
used to purify essentially all forms of DNA. The subject methods result in the formation of an 
RNA-containing precipitate that has a RNA content at least two fold enriched with respect to 
DNA, as compared with the RNA/DNA ratio of the solution from which the RNA precipitate 
5 is derived. The degree of RNA enrichment achieved is often much greater than two fold. The 
RNA may be collected by simple procedures such as centrifugauon or filtration,, thereby 
avoiding the need to bind the RNA to a solid phase. The collected RNA precipitate may then 
be solubilized. Thus not only do embodiments of the invention provide for the selective 
precipitation of RNA, but cumbersome additional steps such as phenol/chloroform extraction 

10 or adding agents, e.g., ethanol, to enhance adsorption to a solid support are unnecessary. 

The term "isolation** as used herein with respect to nucleic acids (RNA or DNA) refers 
to methods of producing a composition that is of sufficient purity to serve as templates for 
primer extension in a polymerase catalyzed reaction such as PCR (the polymerase chain 
reaction) or cDNA generation. The purity of a nucleic acid containing composition may be 

1 5 ascertained, by among other methods, spectrophotometrically by measuring the A^A^ 
absorption ratio. This ratio is indicative of the amount of nucleic acid and protein in a 
composition. Preferably, the A 26( /A nQ of the purified nucleic acid of interest is at least 1.8, 
more preferably, at least 2.0. Nucleic acid containing compositions that have been produced 
by the subject RNA and DNA preparation methods are said to be "purified." An RNA- 

20 containing precipitate formed by a method of the invention is said to be purified RNA. RNA- 
containing precipitates formed by the methods of the invention may include various components 
other than RNA. Such additional components include (in relatively minute amounts) counter- 
ions, proteins, DNA, and the like. 

The RNA-containing precipitates formed by the method of the invention are particularly 

25 advantageous because the subject methods preferentially precipitate RNA rather than DNA. 
This differential precipitation effect is quite surprising given the chemical similarity between 
RNA and DNA. Many methods of RNA purification require special steps to remove DNA 
contaminating an RNA preparation, e.g., the addition of DNAses. The RNA-containing 
precipitates formed by the methods of the invention show at least two-fold enrichment with 

30 respect to the RNA/DNA ratio in the nucleic acid containing composition from which the 
RNA-containing precipitate is formed. In most embodiments of the subject method, the degree 
of RNA enrichment relative to DNA found in the RNA-containing precipitate is significantly 
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higher than two fold. RNA enrichments of at least one hundred fold may be achieved in most 
embodiments. 

The methods of the invention may be applied to isolate RNA from most RNA- 
containing material. Examples of potential sources include tissue culture samples, biological 

5 preparations (including plant tissue homogenates) and patient samples, e.g., blood, saliva, 
semen, spinal fluid, biopsy samples, and the like. RNA-containing compositions may be 
obtained by lysing cells (or viruses) or by collecting nucleic acids that have already been 
released into an environment of interest. Nucleic acid-containing compositions may be 
obtained by lysing either prokaryouc or eukaryotic cells. Cells may be concentrated prior to 

1 0 lysis, e.g., by cemrifugation or filtration. Cells may be lysed by a variety of methods useful for 
lysing cells in conventional nucleic acid preparation techniques. Methods of forming cellular 
lysates for nucleic acid isolation are well known and can be found, among other places, in 
Sambrook et at., Molecular Cloning Methods, ColdSpring Harbor Press, ColdSpring Harbor, 
NY (1989) and Jones et al., RNA Isolation and Analysis, BIOS Scientific Publishers, Oxford 

15 (1994). Such lysis methods include, but are not limited to, detergents, washing, enzyme 
treatment, enzymes and soni cation. In a preferred embodiment of the invention, lysis is effected 
through the addition of a lysis solution comprising a guanidine salt and a detergent. The 
addition of a chaotropic salt may be used for cell lysis and the formation of an RNA-containing 
precipitate in the same step. 

20 Chaotropic salts are used to form an RNA-containing precipitate. The term chaotropic 

sah refers to a substance capable of altering the secondary or tertiary structure of a protein or 
nucleic acid, but not altering the primary structure of the protein or nucleic acid. Examples of 
chaotropic salts include, but are not limited to, guanidine thiocyanate, guanidine hydrochloride 
sodium iodide, potassium iodide, sodium isothiocyanate, urea. Guanidine salts other than 

25 guanidine thiocyanate and guanidine hydrochloride may be used as a chaotropic salts in the 
subject methods. Not all chaotropic salts are capable of eliciting the formation of an RNA- 
containing precipitate from an RNA-containing preparation. Those chaotropic salts that are 
capable of eliciting the formation of an RNA-containing precipitate may, for the sake of 
convenience, be referred to as "RNA precipitate forming chaotropic salts." RNA precipitate 

30 forming chaotropic salts may be identified by using routine experimentation of chaotropic salts 
of interest for the ability to elicit RNA-containing precipitate formation, e.g., adding a 
chaotropic salt to a solution known to contain RNA and monitoring for RNA-containing 
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precipitate formation. Preferred chaotropic salts for use in the subject methods are guanidine 
hydrochloride and guanidine thiocyanate. The concentration of chaotropic salt used to elicit 
RNA-containing precipitant formation may vary in accordance with the specific chaotropic salt 
selected. Factors such as the solubility of the specific salt must be taken into account. Routine 

5 experimentation may be used in order to determine suitable concentration of chaotropic salt for 
eliciting RNA-containing precipitate formation. In embodiments of the invention employing 
guanidine hydrochloride as the chaotropic salt, the concentration of guanidine hydrochloride 
in the nucleic acid containing solution from which the RNA-containing precipitate is obtained 
is in the range of 1 M to 4 M. In embodiments of the invention employing guanidine 

10 thiocyanate as the chaotropic salt, the concentration of guanidine thiocynanate in the nucleic 
add-containing solution from which the RNA-containing precipitate is obtained is in the range 
of 0.5 M to 3 M. Combinations of chaotropic salts may be used to elicit RNA-containing 
precipitate formation. In embodiments of the invention employing multiple chaotropic salts, 
the chaotropic salts may be added in the form of concentrated solution or as a solid (and 

1 5 dissolved in the initial RNA-containing preparation.) 

After the addition of the chaotropic salts, the solution is allowed to incubate for a 
period of time- sufficient to permit an RNA-containing precipitate to form. Incubation 
preferably occurs under constant temperature conditions. When a sufficient quantity of RNA 
precipitate for the purpose of interest, e.g., cDNA library formation, is formed, the RNA 

20 precipitate may be collected. The quantity of RNA precipitate formed may be monitored 
during incubation. Monitoring may be achieved by many methods, such methods include 
visually observing the formation of the precipitate (e.g., visually), collecting the precipitate 
during the incubation process and the like. In most embodiments of the invention, incubation 
time is at least 5 minutes. Periods for incubation may be considerably longer than 5 minutes; 

25 no upper limit for incubation time is contemplated although need to obtain isolated RNA in a 
reasonable amount of time may be a constraint. 

The temperature of the mixture formed by adding the chaotropic salt to the RNA- 
containing composition of interest, e.g., a cell lysate, influences the amount of RNA-containing 
precipitate formed in the subject method. In general, a greater precipitate yield will be obtained 

30 at a lower temperature, i.e., below room temperature. Preferably, freezing is avoided; however, 
a RNA-containing precipitate may form if a fresh cellular lysate is rapidly frozen. Additionally, 
lower temperatures may be used to reduce the activity of RNAses or detrimental chemical 

-5- 



SUBSTITUTE SHEET (RULE 26) 



WO 99/29840 PCT/US98/26063 

reactions occurring in the processed sample. Preferably, the temperature of the solution from 
which the RNA-containing precipitate formed is in the range of 1 °C to 2S°C V more preferably 
in the range of 4°C to 10°C. 

After the RNA-containing precipitate has formed, the RNA-containing precipitate is 
5 collected. Collection entails the removal of the RNA-containing precipitate from the solution 
from which the precipitate was formed. The precipitate may be separated from the solution by 
any of the well known methods for separation of a solid phase from a liquid phase. For 
example, the RNA-containing precipitate may be recovered by filtration or centrifugation. 
Many types of filtration and centrifugation systems may be used to collect the RNA-containing 

10 precipitate. Precautions against RNA degradation should be taken during the RNA precipitate 
collection step, e.g., the use of RNase-free filters and tubes, reduced temperatures. 

After the RNA-containing precipitate has been recovered, the precipitate may optionally 
be washed so as to remove remaining contaminants. A variety of wash solutions may be used. 
Wash solutions and washing conditions should be designed so as to minimize RNA losses from 

15 the RNA-containing precipitate. Preferably a wash solution containing the same chaotropic salt ' 
used to form the RNA-containing precipitate is used to wash the collected RNA-containing 
precipitate. The concentration of the chaotropic salt in the wash solution is preferably high 
enough for an RNA-containing precipitate to form, thereby minimizing losses of the RNA- 
containing precipitate during the washing process. Additionally, the washing solution is 

20 preferably at a temperature sufficiently low for RNA-containing precipitates to form, thereby 
minimizing losses of the RNA-containing precipitate during the washing process. 

The collected RNA-containing precipitate may be solubilized so as to enable subsequent 
manipulation of the purified RNA in solutions. Solubilization may be accomplished by 
contacting the collected RNA-containing precipitate with a solution that does not elicit the 

25 formation of an RNA-containing precipitate. Typically, such a solution is an aqueous buffer 
(low ionic strength) or water. Examples of such buffers includes 10 mM Tris-HCl (pH 7.0), 
0.1 mM EDTA; suitable buffering agents include, but are not limited to, tris, phosphate, 
acetate, citrate, glycine, pyrophosphate, aminomethyl propanol, and the like. The RNA- 
containing precipitate and the solution may be actively mixed, e.g., by vortexing, in order to 

30 expedite the solubilization process. 

It will readily be appreciated by persons skilled in the art that DNA may be isolated 
from a nucleic acid containing solution (containing both DNA and RNA) by forming an RNA- 
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containing precipitate in accordance with the methods of the invention. An RNA depleted 
solution is produced as a necessary consequence of forming an RNA-containing precipitate 
from a solution comprising DNA and RNA. DNA may be isolated from the RNA depleted 
solution by adding a nucleic acid precipitating agent. Nucleic acid precipitating agents for use 
5 in the subject methods are capable of precipitating DNA from a DNA-containing solution. 
Nucleic acid precipitating agents for use in the subject methods may also be capable of 
precipitating RNA. Compounds capable of precipitating RNA and DNA are well known and 
include many alcoholic compounds, concentrated ethanol being particularly preferred. The 
DNA precipitate may then be collected (in the same manner as an RNA-containing precipitate), 
10 optionally washed, and solubilized. The RNA-containing precipitates formed may or may not 
be saved for analysis. 

Embodiments of the invention include systems for performing the subject methods of 
RNA isolation. In one embodiment of the systems, the systems comprise a cell lysis chamber, 
a precipitate collector, a port for introduction of a chaotropic salt that can be used to form a 

1 5 RNA-containing precipitate in accordance with the subject methods. The components of the 
systems of the invention cooperate so as to enable the performance of one or more 
embodiments of the subject methods of RNA isolation. The various components of the RNA 
isolation systems of the invention may or may not be portions of a unitary device or apparatus. 
The cell lysis chamber may be used to contain a cell lysate. The cell lysate may be formed in 

20 the cell lysate chamber (after the introduction of cells and lysis solution) or the cell lysate may 
be introduced directly into the cell lysate chamber. The port for the introduction of the 
chaotropic salt is configured so as to cooperate with the cell lysis chamber in order to permit 
the introduction (either in dry form or as a solution) of the chaotropic salt into the chamber. 
Embodiments of the system may comprise a reservoir of chaotropic salt for introduction into 

25 the lysis chamber. The reservoir and the entry port may or may not be the same structure. The 
precipitate collector serves to collect a RNA-containing precipitate formed by the addition of 
the chaotropic salt. The collector may take on many forms, such forms include a filter. Filters 
may or may not be removable. 

Other embodiments of the invention include kits for performing the subject nucleic acid 

30 isolation methods. Kits serve to expedite the performance of the subject methods by providing 
multiple reagents packaged together. Reagents may be supplied in pre-measured units so as 
to increase precision and reliability of the methods. Kits preferably contain detailed instructions 
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for practicing one or more embodiments of the subject nucleic acid preparation methods. The 
kits of the invention comprise cell lysis buffer containing a chaotropic salt, a buffer for washing 
RNA-containing precipitates, and a buffer for solubilizing RNA-containing precipitates (formed 
by the subject methods). The kits may optimally comprise a precipitate collector, e.g., a 
filtration device. 

The invention, having been described above, may be better understood by reference to 
the following examples. The following examples are offered for purposes of illustrating the 
invention and should not be construed as limitations on the invention. 

EXAMPLES 

Example j 

Centrifugation Protocol for Purification of Total RNA from Cultured Cells 

1. Lysis and Centrifugation 

a. Add 100 yL of Cell Lysate Solution (containing, guanidine HC1, sodium 
chloride and a detergent, pH 6) to a sample tube, containing cell suspension in 
100 Ml of PBS buffer solution. 

b. Mix the sample by pumping 3-5 times with pipette action through a 200 jd 
pipetteman tip (set at 175 Cover tubes and allow to stand at ambient 
temperature for 10 minutes. Incubate at 4°C on ice for one hour. 

c. Allow rysates to come to 22-25 °C. Shear DN A by pumping lysate 10-15 times 
through a 200 n\ tip. 

e. Centrifuge sample tube at 10,000 rpm (-6000 x g) for 10 minutes. Discard 
supernatant. Note, the svpematents can be used to recover genomic DNA. 

2. Purification Waih 

a. Add 500 y\ of Wash Solution I (diluted Cell Lysate Solution, la) to the 
centrifuge tube, and resuspend pellet by vortexing for 5 seconds. 
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b. Centrifuge sample tube at 10,000 rpm (-6000 x g) for 10 minutes. Discard 
supernatant. 

3. Final Wash 

a. Add 500 n\ of Wash Solution II (20 mM Tris-HCl, pH 8.0, 200 mM NaCl in 
DEPC treated H 2 0 plus absolute ethanol to a final concentration 70% V/V) to 
the centrifuge tube and resuspend pellet by vortexing for 5 seconds. 

b. Centrifuge sample tube at 10,000 rpm (-6000 x g) for 10 minutes. Discard 
supernatant. 

c Repeat steps 3a and 3b. 

d. Remove all liquid above the pellet and air dry at 55°C for 5 minutes. 

4. Solubilization of RNA 

a. Add 100 to 200 y\ of DEPC water to tube containing pellet and vortex for 5 
seconds. Allow to stand at ambient temperature for 2 to 5 minutes. 

b. Place tubes immediately on ice or store at -80°C. 

5. Recovery of Genomic DNA from Lysate Supernatant: 
DMA precipitation 

a. Add 40 pi of 5M NaCl solution to the supernatant from step I e and mix by 
vortexing for 1 second. 

b. Add 400 v\ of absolute ethanol and mix by vortexing (total volume 640 fA). 
Allow to stand at room temperature for 10 minutes. 

c. Centrifuge sample tube at 10,000 rpm (-6000 x g) for 10 minutes. Discard 
supernatant. 

Wash 

d. Resuspend pellet in 500 vL of a solution of Wash Solution II. Vortex tube 
for 2-4 seconds. 

e. Centrifuge sample tube at 10,000 rpm (-6000 x g) for 10 minutes. Discard 
supernatant. 

f. Repeat steps d and e. 

g. Remove all liquid above the pellet and air dry at 55°C for 5 minutes. 
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Solubilization of DNA 

h. Add 100 to 200 mI of a solution 10 mM Tris-HCl, 0.1 mM EDTA, pH 8.0 to 
tube containing pellet and vortex for 5 seconds. Incubate at 40°C for 10 
minutes and vortex for 5 seconds. 

i. Place tubes on ice or store at -15°C. 

EiasBls * 

Protocol for Purification of Total RNA and DNA from Cultured Cells 
and Tissues with Purification Tray Columns 

A. RNA Purification 

1. Nucleic Acid Filtration 

a. From cell suspensions Add 100 nL of Cell Lysis Solution (see Example I) 
to a sample tube, containing cell suspension in 100 I of PBS buffer solution. 
From cell culture plates with adherent cells Add 100 y\ of Cell Lysis 
Solution to individual wells in a 96 well cell culture plate with the culture media 
removed. 

From animal tissues Excise 1 to 3 mg of tissue and wash in PBS buffer. Place 
tissue into a micro homogination tube. Add 100 ^1 of Cell Lysis Solution and 
homogenize with motor driven pistle for 30 seconds. Allow homogenate to 
stand at ambient temperature for 10 minutes. Remove the upper 50 pd of the 
homogenate suspension with care not to include any particulate cellular debries. 
Place the clear homogenate into a clean sample tube and dilute with 50 mI of 
PBS or RNase free water. Mix the samples by pumping 3-5 times with pipette 
action. Incubate at 4°C for one hour. Skip to step lc. 

b. Mix the samples by pumping 3-5 times with pipette action through a 200 pi 
pipetteman tip (set at 175 Cover tubes and allow to stand at ambient 
temperature for 10 minutes. 

For cell control lysates and cell suspension lysates: Incubate at 4°C for one 
hour. 

For cell culture plate lysates: Dilute the lysate by the addition of 100 loflO 
mM Tris-HCl, 0.1 mM EDTA, pH 8.0 and mix the samples by pumping 3-5 
times with pipette action. Incubate at 4°C for one hour. 

c. Pre-wet tray filters: To selected wells of a 96 Well Purification Tray, add 50 
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uL of Wash Buffer I (see Example 1). AJlow the solution to permeate the tray 
filters for 5 minutes. 

d. Shear DNA by pumping lysate 10 to 15 times through a 200 n\ tip. 

e. Transfer lysate mixture to tray wells. Apply vacuum at 8-10 inches Hg to 
column tray and filter at a rate of 1 drop/ 3-5 seconds until air passes through 
the filters. Collect flow-through in a suitable 96 well sample tray if DNA is to 
be recovered for later purification. 

2. Purification Wash 

a. Flush tray wells once with 400 y\ of Wash Solution I. Apply vacuum at 8-10 
inches Hg until air passes through the filters. 

3. Final Wash 

a. Flush tray wells with 500 vL of RNA Wash Solution II. Take care to rinse the 
sides of the wells. 

b. Wash the tray wells twice with 300 of RNA Wash Solution IL Discard the 
flow-through (filtrate). 

c. Purge tray wells with 30 ml of air (or 30 seconds) to remove residual ethanol. 



4. ElutionofRNA 

a. Place purification tray on top of a 96 well PCR tray (sample archive tray). 

b. Add 150/4 1 of 0. 1 mM EDTA containing 0.01% sodium azide to the top of the 
purification tray filters. Incubate at 20 - 25°C for 5 minutes. 

c. Flush into collection tubes (MicroAmp wells) under vacuum at 2-4 inches until 
liquid meets the top of all the tray filter membranes. 

d. Increase the vaccum to 10 inches of Hg for 5 to 10 seconds. 

e. Place tubes immediately on ice or store at -80°C. 

B. DNA Purification 

1. DNA Precipitation and Filtration 

From a Cell Lysate Filtrate collected in the total RNA purification protocol: 
a. Add 40 m1 of 5M NaCl solution to lysate filtrate and mix by pumping 3-5 times 
with pipette action through a 200 /il pipetteman tip (set at 200 fA). 



-11- 



SUBSTITUTE SHEET (RULE 26) 



WO 99/29840 



PCTAJS98/26063 



b. Add 300 u\ of absolute ethanol and mix by pipette action (total volume; 550 
Ml). 

c. Pre- wet purification tray filters: To selected wells of a second 96 well filter 
purification tray, add 50 vL of Wash Buffer II. Allow the solution to permeate 
the purification tray filters. 

d. Transfer tysate mixture to purification tray wells. Apply vacuum at 8- 1 0 inches 
Hg to tray and filter at a rate of 1 drop/ 3-5 seconds until air passes through the 
filters. Discard flow-through (vent to waste). 

2. Wash 

a. Flush purification tray wells with 500 yL of Wash Solution II. Take care to 
rinse the sides of the wells. 

b. Wash the tray wells twice with 300 uL of Wash Solution II. Discard the flow- 
through (filtrate). 

c. Purge tray wells with 30 ml of air (or 30 seconds) to remove residual ethanol. 

3. Elution of DNA 

a. Place purification tray on top of a 96 well PRC tray (or 200 *tl collection tray). 

b. Add 150 m! of 0.1 mM EDTA to column membrane. Incubate at 50°C for 5 
minutes. 

c. Flush into a 96 well PRC tray under vacuum at 2-4 inches until liquid meets the 
top of all the tray filter membranes. 

d. Increase the vacuum to 10 inches of Hg for 5 to 10 seconds. Store sample tray 
at4°Cto8°C. 

Example 3 

Protocol for Purification of Total RNA and DNA from Cultured CeUs 
and Tissues with Spin Columns 

A. RNA Purification 

1. Nucleic Acid Filtration 

a. From cell suspensions Add 100 mL of Cell Lysis Solution to a sample tube, 

containing cell suspension in 100 /il of PBS buffer solution. 

From cell culture plates with adherent cells Add 100 y\ of Cell Lysis 

-12- 

SUBSTITUTE SHEET (RULE 26) 



99/29840 



PCT/US98/26063 



Solution to individual wells in a 96 well cell culture plate with the culture media 
removed. 

From animal tissues Excise 1-3 mg of tissue and wash in PBS buffer. Place 
tissue into a micro homogenization tube. Add 100 pJ of Cell Lysis Solution and 
homogenize with motor driven pistil for 30 seconds. Allow homogenatc to 
stand at ambient temperature for 10 minutes. Remove the upper 50 /il of the 
homogenate suspension with care not to include any paniculate cellular debris. 
Place the clear homogenate into a clean sample tube and dilute with 50 y\ of 
PBS or RNase free water. Mix the samples by pumping 3-5 times with pipette 
action. Incubate at 4°C for one hour. Skip to step lc. 
b. Mix the samples by pumping 3-5 times with pipette action through a 200 fA 
pipetteman tip (set at 175 mO- Cover tubes and allow to stand at ambient 
temperature for 10 minutes. 

For cell suspension fysates: Incubate at 4°C for one hour. 
For cell culture plate fysates: Dilute the lysate by the addition of 1 00 ti\ of 1 0 
mM Tris-HCI containing 0.1 mM EDTA, pH 8.0 and mix the samples by 
pumping 3-5 times with pipette action. Incubate at 4°C for one hour. 

c. Pre-wet spin column filters: Add 50 m! of Wash Buffer I. Allow the solution 
to permeate the column filters for 5 minutes. 

d. Shear DNA by pumping lysate 10-15 times through a 200 tA up. 

e. Transfer lysate mixture to spin column wells. Centrifuge at 2000 rpm for 60 
seconds. Transfer the spin column insert to a clean collection tube. Save the 
collection tube containing the cell lysate filtrate if DNA is to be recovered from 
sample. 

Purification Wash 

Add 500 m! of Wash Solution 1 to the spin column. Centrifuge at 2000 rpm for 2 
minutes. Remove and discard the filtrate (flow through). Repeat step with the 
addition of 500 /il of Wash Solution I. Replace the column insert into the collection 
tube. 

Final Wash 

a. Add 500 /zL of Wash Solution II to the spin column. Take care to rinse the 
sides of the insert. Centrifuge at 2000 rpm for 2 minutes and filtrate. 
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b. Repeat the above step twice with the addition of 500 /iL of Wash Solution II 
and centrifugation at 2000 rpm for 2 minutes. Centrifuge at 8000 rpm for an 
additional minute. Discard the filtrate. 

c. Transfer the spin column insert to a clean collection tube. 

5 

4. Elution of RNA 

a. Add 200 m! of 1 0 mM Tris-HCl, 0. 1 mM EDTA, pH 8.0 to the spin column. 
Incubate at 20-25°C for 5 minutes. 

b. Centrifuge (total volume 640 mO uito collection tubes at 4000 rpm for 60 
10 seconds. 

c. Remove and discard spin column insert. Place collection tubes immediately on 
ice or store at -80 P C. 

B. DNA purification 
IS 1 . DNA Precipitation and Filtration 

From a Cell Lysate Filtrate collected in the total RNA purification protocol: 

a. Add 40 ^1 of SM NaCl solution to lysate filtrate and mix by pumping 3-5 times 
with pipette action through a 200 fil pipetteman tip (set at 200 (A). 

b. Add 400 mI of absolute ethanol and mix by pipette action (total volume; 640 
20 Ml). 

c. Pre-wet spin column filters. Add 30 mL of Wash Buffer II to the filter 
membrane of a spin column insert (see 2a below). Allow the solution to 
permeate the filters. 

d. Transfer lysate mixture to the spin-column insert. Centrifuge at 2000 rpm for 
25 60 seconds. Discard flow-through (filtrate). Aspirate contents of collection 

tube and re-use. 

2. Wash 

a. Add 500 /zL to the spin-column inserts with Wash Solution II. Take care to 
30 rinse the sides of the wells. Centrifuge at 2000 rpm for 2 minutes and discard 

the flow-through. 

b. Repeat step 1(a) twice with the addition of 500 /il of Wash Solution II. 

c. Centrifuge at 8000 rpm for an additional 60 seconds to remove residual ethanol. 
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3. Elution ofDNA 

a. Replace the spin column collection tubes with clean tubes. 

b. Add 200 /il of heated (70°C) TBE buffer to column inserts. Incubate at 50°C 
for 5 minutes. 

c. Centrifuge the spin columns at 2000 rpm for 2 minutes. 

d. Remove and discard inserts and store collection tube at 4-8°C or freeze and 
store at -15°C. 

Incorporation bv Reference 
All papers and documents (including patents) referenced in this specification are 
incorporated herein by reference. 

Equivalents 

While the invention has been described with reference to specific methods and 
embodiments, it will be appreciated that various modifications and changes may be made 
without departing from the invention. These and other equivalents are intended to be covered 
by the following claims. 
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CLAIMS 

What is claimed is: 

5 1 . A method of isolating RKA from a nucleic acid composition comprising RN A 

and DNA, said method comprising the steps, 

forming an RNA-containing precipitate from the nucleic acid 
composition, wherein the ratio of UNA to DNA in the RNA-containing precipitate 
is at least 2 fold higher than the ratio of RKA to DNA in the RNA in the nucleic acid 
10 composition, and collecting the RNA-containing precipitate, whereby an RNA 

depleted solution is produced. 

2. The method according to Claim I, comprising the step of 

solubitizing the RNA-containing precipitate. 

15 

3. The method according to Claim 1, wherein the step of forming an RNA- 
containing precipitate from the nucleic acid composition comprises the step of adding a 
chaotropic salt to the nucleic acid composition. 

20 4. The method according to Claim 3, wherein the chaotropic salt is selected from 

the group consisting of guanidine thiocyanate and guanidine hydrochloride. 

5. The method according to Claim 4, wherein the chaotropic salt is guanidine 
hydrochloride. 

25 

6. The method according to Claim 4, wherein the concentration of the guanidine 
hydrochloride in the nucleic acid composition is in the range of 1 M to 4 M. 

7. The method according to Claim 4, wherein the chaotropic salt is guanidine 
30 thiocyanate. 

8. The method according to Claim 7, wherein the concentration of the guanidine 
thiocyanate in the nucleic acid composition is in the range of 0,5 M to 3 M. 

35 9. The method according to Claim 1, wherein the nucleic acid composition 
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comprising DNA and RNA is formed by lysing a cell. 

10. The method of Claim 9, wherein the step of cell lysis comprises adding a 
detergent. 

1 1 . The method according to Gaim 9, wherein the detergent is a detergent. 

12. The method according to Claim 3, wherein the nucleic acid containing 
composition is incubated at a temperature in the range of 4-25 °C for a period of time sufficient 
to produce the RNA-containing precipitate. 

1 3. The method according to Claim 1 2, wherein the period of time is one hour or 

less. 

14. The method according to Claim 1, wherein the RNA-containing precipitate is 
collected by a method selected from the group consisting of filtration, centrifugation, and 
gravimetric settling. 

1 5. A method of isolating DNA from a nucleic acid composition comprising RNA 
and DNA, said method isolating RNA according to the method of Claim 1, 

adding a nucleic acid precipitating agent to the RNA depleted solution, 
whereby a DNA containing precipitate is formed, collecting, the DNA containing 
precipitate. 

16. The method according to Claim 1 5, wherein the nucleic acid precipitating agent 
is ethanol. 

17. A method according to Claim 15, wherein the chaotropic salt is selected from 
the group consisting of guanidine thiocyanate and guanidine hydrochloride. 

18. The method according to Claim 1 wherein the purity of the purified RNA is 
measured by the A^/Ajn ratio is at least 1.8. 

19. The method according to Claim 1 8 wherein the purity of the purified RNA is 
measured by the A 2A( /A 2t0 ratio is at least 2.0. 
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20. A kit for performing the method of Claim I , said kit comprises, a cell lysis 
buffer, a guanidine salt, and a filtration device for collecting an RNA-containing precipitate. 

21. A system for isolating RN A from a ceil, the system comprising, 

a cell lysis chamber, a precipitate collector, a port for the introduction 
of a chaotropic salt. 

22. A system according to Claim 21, further comprising 

a chaotropic salt reservoir. 
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